Introduction
The term "anti-infective conversion" describes the practice of converting intravenous anti-infection therapy to an alternative oral formulation. This conversion from intravenous (IV) to oral (PO) therapy has been practiced in an uncontrolled fashion since the earliest years of the anti-infective era. As conversion therapy was based on empirical observations rather than on clinical studies or outcomes, there was concern that oral therapy was less effective. In addition, until recently, no clinical trials were available to support the conversion from the intravenous route to oral administration. Current forces that are accelerating the conversion from intravenous to oral therapy include rising health care costs, limited health care resources, efforts to shorten hospital stays, and demands by patients for cost-effective, safer, and more convenient treatments. This conversion has been referred to as "switch," "sequential," and "stepdown" therapy. [1] [2] [3] For the purposes of this review, the concept is referred to as IV:PO conversion.
Rationale
Clinical trials have been conducted that demonstrate the efficacy and safety of IV:PO conversion, [4] [5] [6] [7] [8] [9] [10] [11] [12] and several studies have addressed the economic impact of conversion. 4, 7, [9] [10] [11] [12] Cost savings may be achieved through lowering direct acquisition costs, eliminating the need for ancillary supplies, reducing pharmacy and nursing time, and shortening the length of hospital stay. Direct benefits to the patient include eliminating adverse events associated with IV therapy, increasing patient comfort and mobility, facilitating a more active role for the patient in his or her treatment, and increasing the possibility of earlier discharge. Improved quality of patient care and the potential for significant and meaningful cost savings make IV:PO conversion a desirable treatment option.
Several factors play a role in the scientific basis of IV:PO conversion. These include (1) newer concepts of antimicrobial pharmacodynamic action and the realization that this can be achieved by oral agents, (2) the advent of newer, more potent, broad-spectrum oral agents that achieve higher and more consistent serum and tissue concentrations, and (3) the availability of randomized clinical trials comparing various IV and oral therapeutic strategies.
Anti-infective action can be divided into two main categories: pharmacokinetics and pharmacodynamics. [13] [14] [15] [16] [17] Pharmacokinetics concerns the absorption, distribution, metabolism, and elimination of drugs. These factors, along with dosage regimen, determine the time course of drug concentration in the body. However, these pharmacokinetic parameters become clinically meaningful only when they correlate with the agent's pharmacodynamics -the biological effects resulting from the interaction between the agent and the target's physiology. Because we are currently unable to measure the concentration at the site of infection, surrogate markers such as the minimum inhibitory concentration (MIC) or minimum bacteriocidal concentration (MBC) are typically used to assess the ability of an antiinfective agent to complete these function.
Basing drug selection solely on the pharmacokinetics or pharmacodynamics often leads to inappropriate anti-infective selections. However, pharmacokinetics coupled with pharmacodynamics predict the efficacy of an anti-infective.
Another important factor is the bacteriocidal patterns of the anti-infective. One principle is the "time over MIC," which is the basis of therapy with penicillins, cephalosporins, clindamycin, fluconazole, and macrolides. 15, 18, 19 A concentration greater than 4 to 8 times the MIC of an organism does not provide more bacterial killing. Clinical trials have shown that better results are achieved when the concentration is greater than the MIC for more than 80% of the dosing interval. 20, 21 This concept should be a guiding force when designing dosing regimens. The duration of time that the drug concentration exceeds the MIC is the major determinant of efficacy for these drugs. Nevertheless, the principle of time over MIC can be applied to conversion therapy, which allows the clinician to select oral dosage therapy and administration frequencies that would maintain concentrations above the MIC for most of the dosing interval.
In contrast to time over MIC, the quinolones exhibit concentration-dependent killing. 15, 18, 19 Forrest and colleagues 22 found that the ratio of the 24-hour area under the curve (AUC) to the MIC (AUIC) was the major parameter in determining efficacy in 64 patients treated with IV ciprofloxacin. All studies demonstrated equal clinical and bacteriologic efficacy when treatments were converted to the oral route. However, the mean duration of IV therapy before converting ranged from 2 to 8 days and was solely determined by clinical judgment in most cases. This makes interpretation of the contribution of oral therapy difficult.
Better-defined trials have been recently conducted that facilitate the evaluation of oral conversion. Criteria have been established to identify potential patients for IV:PO conversion (Table 1) , [4] [5] [6] [7] [8] 26 which has made it easier to evaluate the impact of conversion therapy in regards to patient outcomes.
Ahkee and colleagues 6 evaluated conversion therapy in all types of infections including lower respiratory tract, urinary tract, skin and soft tissue, and intra-abdominal. Individuals with neutropenia, meningitis, and endocarditis were excluded. Oral regimens were not limited to a particular class of antiinfectives, and the agent was determined by spectrum of activity. Five inclusion criteria were applied for conversion therapy. Almost 50% of all patients receiving antibiotics were candidates for conversion therapy,and 87% of these were converted to an oral alternative, which resulted in a 98% cure rate. Intravenous antibiotics most frequently converted were cefotaxime, ceftazidime, ciprofloxacin, ticarcillinclavulanate, and ampicillin-sulbactam. The most commonly used oral alternatives were amoxicillin-clavulanate, ciprofloxacin, cefuroxime, and cefixime. Przybylski and associates 7 targeted IV antimicrobials that were in high use or at high cost to their institution. Included were ampicillin-sulbactam, ciprofloxacin, imipenem-cilastatin, cefuroxime, cefazolin, ticarcillin-clavulanic acid, and combination of tobramycin with either piperacillin or ceftazidime. Patients were included if they had non-life-threatening infection (community acquired/ nosocomial pneumonia, urinary tract, skin and soft tissue, osteomyelitis, and chest tube prophylaxis), were receiving a "targeted" antibiotic, had a white blood cell count of <15,000/mm 3 , had been afebrile for at least 24 hours, and were able to tolerate oral antibiotics. Individual life-threatening infections, such as sepsis, bacterial endocarditis, and meningitis, were excluded. A positive response occurred in 99% of patients converted to oral therapy. The average length of stay was shortened by 1.53 days (P<0.003). Other studies have shown similar reductions in length of stay. 4, [9] [10] [11] Oral alternatives included cefuroxime, amoxicillinclavulanic acid, and ciprofloxacin in combination with other oral antibiotics that provide anaerobic coverage such as clindamycin or metronidazole.
Another group evaluated critically ill patients with serious infections expected to receive at least 8 days of IV therapy. 12 The two treatment groups were comparable for demographic characteristics, types of infections, bacteria isolated, initial IV antibiotic regimen, and duration of antibiotic treatment. The most common infections involved the skin and skin structure; bacteremia and infections of the lower respiratory tract, urinary tract, and bone and joint were also represented. The most commonly isolated pathogens were Staphylococcus aureus, Pseudomonas aeruginosa, and Escherichia coli. All patients received 3 days of conventional IV antibiotics and then were randomly assigned to receive either ciprofloxacin 750 mg PO b.i.d. or parenteral antibiotics. Clinical and bacteriologic response was comparable between the oral and IV regimens (88% and 79%, respectively). Oral ciprofloxacin was associated with an average cost savings of $293 per patient with no difference in efficacy.
More recently there has been increasing interest in the management of chemotherapy-induced fever and neutropenia (CIFN) in the ambulatory setting. Recent research now indicates that patients with CIFN may be assessed for complication risk and, with appropriate clinical judgment, treated in outpatient settings with oral anti-infectives. A prediction model for identifying "low-risk" CIFN has been developed by Talcott et al. 27 ,28 A recent review by Davis and Raebel 29 identified additional risk factors to consider when identifying low-risk CIFN patients (Table 2 ). Several investigators have utilized this information and have incorporated broad-spectrum oral antibiotics in the management of this population.
30-36
The efficacy of the use of oral antibiotics in the management of low-risk CIFN patients has been substantiated by several studies. Rolston et al 35 evaluated 179 "lowrisk" neutropenic cancer patients. Patients were randomized to receive ciprofloxacin 500 mg by mouth (PO) 3 times daily (t.i.d.) plus amoxicillin/clavulanic acid 500 mg PO t.i.d. (n=89) vs clindamycin 600 mg IV every 8 hours plus aztreonam 2,000 mg IV every 8 hours (n=90). Treatment groups were similar for age, gender, underlying malignancy, and absolute neutrophil count (ANC) at time of randomization. There was no differ- The treatment arms were well balanced for age, gender, underlying malignancy, chemotherapy regimen, and time between last chemotherapy and onset of CIFN. Eighty percent of the oral treatment group and 88% of the inpatient IV treatment group responded to original treatment. Lastly, a multicenter, double-blind, placebo-controlled American study 37 has recently concluded in which 232 episodes of fever and neutropenia in hospitalized pediatric and adult cancer patients were evaluated. The study enrolled only patients whose neutropenia was expected to last 10 days or less and excluded those with underlying medical conditions.
Participants received either oral ciprofloxacin plus amoxicillin/clavulanate or IV ceftazidime until their fever and neu- * Absorption must be taken into consideration when converting from IV:PO (ie, ciprofloxacin 400 mg IV q 12 h should be converted to 500 mg PO q 12 h). ** Absorption increases when administered with food. SMZ/TMP = sulfamethoxazole/trimethoprim tropenia resolved. The two groups were similar with respect to age, sex, and type of cancer. Empiric treatment was equally successful in both treatment groups.
Misconceptions
The main obstacle limiting IV:PO conversion is the notion that IV anti-infectives are better than oral. 38 One erroneous concept is that all patients with an infectious disease need IV treatment. Antiinfective therapy should be evaluated regardless of route of administration. If orally administered medications are well absorbed and provide blood and tissue levels that are virtually the same as those attained by IV administration, then there is no difference therapeutically between oral and IV anti-infectives. 39 This is the case in many instances. Another misconception is the same agent must be used both intravenously and orally. The only requirement is the oral antiinfective selected must cover essentially the same spectrum of activity and have the same characteristics of tissue penetration. Lastly, it has been thought that conversion therapy should be used sparingly and only at discharge. Clinicians should use conversion therapy for as many infectious diseases as possible in hospitalized patients, mainly because of the potential advantages to the patient and the institution.
Parenteral to Oral Conversion
Jewesson 14,40 has previously described conversion from parenteral to oral anti-infective as occurring in one of four scenarios (Table 3) . Scenario 1 involves the use of the same drug in an oral dosage form, if it has excellent bioavailability and assures concentrations consistent with the IV formulation. Scenario 2 involves the same drug with a reduction in achievable systemic drug concentration. For IV anti-infectives that lack an oral counterpart, an oral agent from a different class with similar spectrum of activity and good absorption is indicated (scenario 3). Scenario 4 involves conversion to a different drug with relatively limited absorption. This is the least desirable option for the clinician.
Advantages
Conversion therapy has several advantages. First, studies have demonstrated that oral therapy can be as effective as parenterally administered anti-infectives in the treatment of infections ranging from mild to moderate to severe. Secondly, the potential exists for decreasing adverse effects associated with IV therapy. Patients who continue to receive parenteral therapy are at increased risk for infusion-related adverse effects such as line infections and phlebitis. 41, 42 Phlebitis, the most common complication of IV therapy, affects up to 70% of all infusions and may lead to increased hospital stays and, more importantly, a negative impact on clinical outcomes. Third, oral anti-infectives are easier to administer than IV preparations, require less time to prepare, and often improve patient comfort, mobility, and independence, which can result in a shorter hospital stay. Lastly, oral anti-infectives are often less expensive than parenteral agents (Table 4) . 43, 44 Although oral anti-infectives are generally preferred for the reasons stated previously, certain patients are not candidates for IV:PO conversion (Table 5) . [4] [5] [6] [7] [8] 25, 26, 45, 46 These include individuals with gastrointestinal abnormalities, which will alter drug absorption. In addition, specific disease states, such as high-risk neutropenia, have not been studied in a controlled clinical setting. Also, in the case of meningitis and infective endocarditis, antibiotic penetration is poor, and concentrations to eradicate the microorganism may be better achieved with the IV route.
Conclusions
Conversion from intravenous to oral anti-infective therapy is indicated as soon as the patient's clinical condition allows. With careful selection and monitoring, outpatient use of oral antibiotics therapy in chemotherapy-induced fever and neutropenia appears safe and efficacious. This can result in substantial reduction of hospital expenditures by decreasing both the resources being utilized and the patient's length of hospital stay. These considerations are important in the current climate of economic restraint in the health care system. Implementation of IV:PO conversion can have a substantial impact of reducing hospital expenditures without compromising clinical outcomes. 
